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e Outline of Common Coil Magnet R&D

Superconducting
Magnet Division

Two parallel and complimentary aspects of the program:

1. Design and build a12.5 Tedla, “React & Wind” Common
Coil Magnet.

2. Design and operate a“ mini magnet R& D program” that
allows new ideas, designs and technologies to be tested in

atime and cost effective manner.

<

'\_,__/ Slide No. 2 ; Ramesh Gupta, VLHC MT Workshop at Fermi Lab, May 24-26, 2000



NATIONAL LABORATORY

Magnet Program Design Philosophy

Superconducting
Magnet Division

 If it takes well over a year to build and test a product,
we tend to become conservative. We tend to stay with
the proven technology since so much rides on each test.

e Since significant cost reduction is unlikely to come with
“the comfort zone technology”, the magnet program must
be designed for rapid throughput. This will scientifically
evaluate old “comfort zone” issues and test feasibility
and profitability of new ideas.

e In an atmosphere of limited funding, “designing a magnet
program” is just as important as designing a magnet.

vAg
«.X It sets the tone and nature of magnet R&D.
&R
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BROOKHEVEN _
vationat tasoratory | Phgse |1 Common Coil Magnet Program

Superconducting
Magnet Division

e Develop and test a series of compact 10-turn common coil
configurations using reasonable engineering r esour ces

— A pair of 10-turn coilsin acommon coil geometry made with 50
meters of Nb,Sn cable from Berkeley generates ~8 Tedla.

 Whiletimeisbeing taken in designing and building a well
engineered 12.5 T magnet, continue with 10-turn coil program

— A positive use of time with parallel resources to address magnet
engineering issues. Each test requires only asmall additional
Investment after the first one. Each coil uses only ~11 meter of
cable. We can even afford to lose afew colls.

* Good approach for HTS magnet development also.
®
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BEROOKHRVEN Life of 10-turn Coil Program

NATIONAL LABORATORY

Superconducting After 12.5 T Magnet

Magnet Division

While we optimize the 12.5 T design for cost,

= N performance and large scale production,
<& Cail N . . .
& yrsT 'g%e”” . the 10-turn coil program continuesin parallel!
\ 12.5 T magnet becomes a part of
‘\ \ (1] 7
magnet R& D test factory
The 12.5 T magnet provides

TSI,
S A

asignificant background field
facility for testing coil modules
with large Lorentz forces on them

5
\\ -- try to simulate high field
o Tiodid | S & magnet situation.
S | Module|
= Can test insert/auxiliary coil for field
quality configuration also.
7N Good approach for HTS magnet development aswell.
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R g An Experimental Program
Superconducting with a Modular Approach

Magnet Division

A few examples of systematic studiesin a modular approach

o Different technologies
— Wind & React Vs. React & Wind
» Different conductors
— NDbAI, HTS, etc.
o Different insulation
o Different geometry
— Tape, cable
» Stress management/High stress configuration
e Coil winding and Splicing
.. and avariety of other things that are not included (especially those
that are not included)

* A Dynamic Program with fast tur n-ar ound

timefor exploring new frontier gideas *
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NATIONAL LABORATORY The Team for Phase II Program

Superconducting

Magnet Division

M. Anerella
J. Cozzolino
J. Escallier
G. Ganetis

A. Ghosh

R. Gupta

M. Harrison
G. Morgan
B. Parker
W. Sampson

P. Wanderer

And the experienced designers and technicians.
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BROOKHPAVEN :
NATIONAL LABORATORY Nb3Sn ReaCtlon Furnace (Large)

Superconducting

Magnet Division
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BROOKHRAVEN Nb;Sn Cable Short Sample

NATIONAL LABORATORY

Superconducting Test at BNL (Arup GhOSh)

Magnet Division

70 110
Question:
60 +— —run 014
Do we have to be super-careful in —amp ate
handling reacted Nb,Sn cable? 50
L N T 80 i
13 1 4 g b n;z
T70 &
r “~_  PARALLEL-FIELD 20 -
12 T ) l
A T 60
L 10 u
11 T ’
ﬁ A 0 T 50
v 10 + PERPENDICULAR
ko i FIELD
A ’i. 10 T T T T T T T T 40
. 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
9 T " \ ~'l Is (A)
el Observation:
8 A "N .
RN ITER cable (obtained from LBL)
] N was reacted at BNL. Went through
_ some handling (including show
B e e~ and tell passin conference room).
J— ° e ! ® However, J, remained in line with
< \ | expectations.

N Slide No. 9 Ramesh Gupta, VLHC MT Workshop at Fermi Lab, May 24-26, 2000



OROONHAWEN Drawing of 10-turn Coil Showing
Superconducting Inner and Outer Lead (all 2d)

Magnet Division

'\-\.\.
I."'l
1
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BROOKHFEVEN :
NATIONAL LABORATORY Nb3Sn Cable Com“’]g Out ()f SpOOI
Superconducting
Magnet Division

The coll iswound like aregular NbTi coll, of course with proper care (e.g., lower
tension). This should help establish procedure, care (cost) required for Nb,Sn magnets.

<
(")
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BROOKHRTEN Coil Tensioner with 10-turn
Superconducting coil on the Winding Table

Magnet Division

&R
(")
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OROONKHAVEN 10-turn Coil Being Prepared
Superconducting for Vacuum Impregnation

Magnet Division
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BROOKHRAVEN | .
NATIONAL LABORATORY Slde Plate fOr Vacuum Impregnatlon

Superconducting
Magnet Division
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NATIONAL LABORATORY

Superconducting
Magnet Division

Drawing of One Coil Module
(ready for vacuum impregnation)

)
e
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NATIONAL LABORATORY

Vacuum Impregnation Setup

Superconducting
Magnet Division

&R
(")
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NATIONAL LABORATORY

Superconducting

10-turn Vacuum Impregnated
Cable sample

Magnet Division
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BROOKHIEVEN :
Cable Insulation Test Setup

Superconducting
Magnet Division
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NATIONAL LABORATORY

Field Quality in a Common Coil Design

Superconducting
Magnet Division

From other speaker s/experts:

<
9 One of the challenge in the common coil designisto

& demonstrate good field quality

Demonstrated here:
<&

;: Common coil design can produce as good field quality as

— cosine theta design with similar amount of conductor
O

d o
‘ ~ | Significant progress since last meeting!

< N
N 4
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Common Coil Design
(The Basic Concept)

« Simple2-d geometry with large
bend radius (no complex 3-d ends)
e Conductor friendly (suitable for

brittle materials- most are - Nb,;Sn,
HTStapesand HT S cables)

« Compact (compared to single
aperture LBL’s D20 magnet, half
theyoke size for two apertures)

e Block design (for large Lorentz
forcesat high fields)

« Efficient and methodical R& D due
to simple & modular design

e Minimum requirementson big
expensivetooling and labor

Coil #2 e Lower cost magnets expected
?,,f. A\ Main Cails of the Common Coil Design
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BROOKHEVEN | Common Coil Design in Handling Large

NATIONAL LABORATORY

superconducting | Lorentz Forces in High Field Magnets

Magnet Division

In common coil design, geometry and forces are such In cosine theta designs, the geometry is such that
that the impregnated solid volume can move as a coil module cannot move as ablock. These forces
block without causing quench or damage. Ref.: over 1 put strain on the conductor at the ends and may
mm motion in LBL common coil test configuration). cause premature quench. The situation is

somewhat better in single aperture block design,
as the conductors don’t go through complex
b

Frasass

Frrereer ‘||||

BERKELEY LaAaB

Horizontal
forces are
larger

We must check how far we can go in allowing such
motions in the body and ends of the magnet. This may
significantly reduce the cost of expensive support
structure. Field quality optimization should include it
(aswas done in SSC and RHIC magnet designs).
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NATIONAL LABORATORY PrOgress in Fleld Quallty

Superconducting

Geometric Harmonics

Magnet Division

~part in 104 we have part in 10

FEM2» % ROXIE:o

0 20 40 &0 80 100 120 140

Earlier models used slanted auxiliary coils.
The above model uses all flat coils.

BNL design uses very small spacing between
modules. Above design is consistent with that.

e

P
||I ""'
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Typl cal Req uirements: ﬁs Normal Harmonics at 10 mm in the units of 10
S
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0.0 * *
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-0.2
-0.4

-0.6

-0.8
-1.0
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12 14

MAIN FIELD: -1.86463 (IRON AND AIR):

b 1: 10000.000 b 2: 0.00000 b 3:
b4:  0.00000 b 5: 0.00075 b 6:
b7: -0.00099 b 8: 0.00000 bo:
b10:  0.00000 b11l: -0.11428 b12:
b13:  0.00932 b14:  0.00000 b15:
b16:  0.00000 bl7: -0.00049 b18:

(from /4 moddl)

0.00308

0.00000

-0.01684
0.00000
0.00140
0.00000
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BROOKHFEVEN " - :
NATIONAL LABORATORY PrOgress in Field Quallty

Superconducting Saturation-induced Harmonics

Magnet Division

New designs. ~part in 10

Use cutouts at strategic placesin . :
SJeD Satisfies general accelerator requirement

yoke iron to control the saturation.

Saturation in earlier designs: ‘= 8- b5 I
several partsin 10¢ Eos | a7
—i
4 7 S
3 \‘ //bB\\\ % 0.0 - s
52 \‘\ B\ ‘ .EOS H--0-.8..3....4.
— - yai d -U.0 7
@é L LT TIN5 /\
— %/ T\ﬁg — \\ X ’J * I
%_1 \ a3 \>< -1.0 T T T T
~2 T 0 2 4 6 8 10 12 14 16
S-3 // = az - | B(T)
4 & hLl
0 2 4 6 8 10 12 14 16 L ow saturation induced harmonics
B(T) till 15 T with asingle power supply
o

-."'.I
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NATIONAL LABORATORY

Superconducting

An Example of End Optimization
with ROXIE (iron not included)

Magnet Division

Pr oof:

End harmonics can be made
small in acommon coil design.

Contribution to integral (a,,b,) in a 14 mlong dipole (<10%)

(Very small)

End harmonicsin Unit-m

Delta-Integral

n Bn An

2 0.00 0.00
3 0.01 0.00
4 0.00 -0.03
5 0.13 0.00
6 0.00 -0.10
7 0.17 0.00
8 0.00 -0.05
9 0.00 0.00
10 0.00 -0.01
11 -0.01 0.00
12 0.00 0.00
13 0.00 0.00
14 0.00 0.00
15 0.00 0.00
16 0.00 0.00
17 0.00 0.00
18 0.00 0.00

7 SideNo. 24

Harmonic Number (a2:skew quad)

n bn an
2 0.000 0.001
3 0.002 0.000
4 0.000 -0.005
5 0.019 0.000
6 0.000 -0.014
7 0.025 0.000
8 0.000 -0.008
9 -0.001 0.000
10 0.000 -0.001
11 -0.001 0.000
12 0.000 0.000
0.030
i :
0,015 M e bn
0.010 O an
0.005
0000 F— 0% &0 ¢ 0 ¢ G agoQ o O00
-0.005 o -
-0.010
-0.015 O
-0.020 T T T T T T T
0 2 4 6 8 10 12 14 1€
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BROOKHFAEN A Common Coil Magnet System for VLHC
NATIONAL LABORATORY ] ]

Superconducting A Solution to Persistent Current Problem
Magnet Division May eliminate the High Energy Booster (HEB)

Inject in theiron dominated
apertureat low field and
acceler ate to medium field

l

Injection at low field iniron
dominated aperture should solve
the large persistent current
problem associated with Nb3Sn

A 4-in-1
magnet for

a2-in-1
machine

Transfer to conductor dominated
apertureat medium field and
then accelerateto high field

Conductor dominated aperture

Field profilewith time Good at high field (1.5-15T)

17— High Field Aperture
‘] |

0] I
E—
R R I A | A

] k\ — &k x

A\

B(T)

o N MO

Iron dominated aperture
Good at low field (0.1-1.5T)

o .Time\ Low Field Aperture ;
3 Compact SIZ€ | ppsges? Compare with the Low Field Design.
Ramesh Gupta, VLHC MT Workshop at Fermi Lab, May 24-26, 2000
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BROOKHAVEN Initial Considerations of
Superconducting Al2.5T I\/Iagnet DeSign

Magnet Division

160.0

Y [mm] Y [mm]

1400

1200

100.0

0.0

U'E.U 200 40.0 0.0 200 100.0 120.0 140.0 o : 40.0 0.0 200 1000 1200 140.0
X [mm] X [mm]
I I

All Nb;Sn Design Hybrid Nb5Sn (Inner) and NbTi (outer) Design
Cu/Sc Inner: 1.2, Outer: 2.7 for Jou ~ 1500 A/mm? Cu/Sc Inner: 1.2, Outer: 1.5

(conductor use at 12.5 T isabout 1/2 of that at ~15 T) (Inner same asin all Nb3Sn)

o *** NbsSn portion in outer may be reduced

¥
rl
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DBROOKHRVEN Is hybrid design really a better
Superconducting solution for a 12.5 T magnet?

Magnet Division

e Mixing two technologies may create complications. Also alarger required
volume of NbTi conductor makes the support structure and magnet bigger.

e J of Nb,Snat8T (field in outer coil) isover 4 timesthat of NbTi.

o Comparethecost of the same size (0.8 mm) wire per meter (remember
much more NbTi is heeded)
— NbTi: ~$0.65/m
— Nb,Sn: ~$3.50-$4.00/m (DOE Goa ~$1/m)

— Copper, by weight, is about an order of magnitude cheaper. The
effective cost of Nb,Sn can be significantly reduced by mixing it.
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N R Schemes of Adding Cu to Nb,;Sn
Superconducting to Reduce Overall Conductor Cost

Magnet Division

Generally discussed An alternate proposal
Mix copper strand with Nb,Sn strand Wrap copper strip on Nb,Sn cable
: /S LS
: !
g T Cable
%) Gap for epoxy penetration
g; Role of epoxy between SC & Cu?
= Cuwrap Better packing factor
% R L ower strand diameter
E May make better cable
. Better (no) matching of
7 different strands
10-turn coil program is ideal for
s feasibility studies of such ideas.
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BROOKHEAEN -
NATIONAL LABORATORY HTS Common CO'I Program

Superconducting

Magnet Division
BNL isembarking on a promising BSCCO 2212 common coil “cable” magnet program.

kA quality Rutherford cable. A very good collabor ation
between labs (BNL, LBL) and industries (IGC, Showa).

10kA type Rutherford cable may be possible in near future!

Over 80 meter of kA class cable (over 1.5 km of wire) to be
- shortly available (weeks to months, in installments) to BNL
‘ for testing cables, winding coils, making short magnets, etc.

Current plan:
First test apair of 10-turn coilsin common coil configuration.
Then depending on the progress, continue with more 10-turn coils and/or
go for full 40-turn cable (either Ag and mix or all HTS strands) cail.
Test apair of coilsin astand-alone mode and in a hybrid high field configuration.
Moreon HTSin alater talk by Arup Ghosh.

o *** Special thanks to Robert Sokolowski (IGC) and Ron Scanlan (LBL).

'.“'.I
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NATIONAL LABORATORY

Superconducting
Magnet Division

Cost Saving Opportunities in VLHC

A multi-pronged approach:

* L ower cost magnets expected from a simpler geometry.
 Possihilities of applying new construction techniques in reducing magnet manufacturing costs.

 Possibilities of reducing aperture due to more favorable injection scenario in the proposed
common coil magnet system design.

 Possihility of removing the high energy booster (the second largest machine) in the proposed
system.

 Possibility of removing main quadrupoles (the second most expensive magnet order) in the
proposed combined function magnet design.

Need to examine the viability of these proposals further; need to continue
the process of exploring more new ideas and re-examine old ones (they may
be attractive now due to advances in technology, etc.); need to keep focus
on the bigger picture...

VLHC cost reduction may also come from other advances. cheaper tunneling,
development of superconductor technology, etc.
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Superconducting
Magnet Division

e Set on a path for carrying out dynamic and
Innovative magnet R&D.

e This is expected to significantly reduce
the cost of building VLHC.

L ‘__.-'-'—'-—‘- ,
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